Single crystals of (NH 4 ) 4 P 2 S 6 · 2 H 2 O could be obtained and the crystal structure determined (monoclinic, P2 1 /c with a = 6.931 (1) 
Introduction
Based on a certain stability of the [P 2 S 6 ] 4− ion in cold aqueous solutions [1 -7] , very recently, the alkali thiophosphate hydrates K 4 P 2 S 6 · 4 H 2 O, Rb 4 P 2 S 6 · 6 H 2 O and Cs 4 P 2 S 6 · 6 H 2 O could be obtained and structurally characterized [8] beside the long known Na 4 P 2 S 6 · 6 H 2 O [1 -5, 9] . Several anhydrous hexathiohypodiphosphates have also been synthesized and investigated, e. g. Li 4 P 2 S 6 [10] , some alkaline earth compounds, M II 2 P 2 S 6 [11 -13] as well as (NH 4 ) 4 P 2 S 6 [3, 4] and others. Despite these considerable efforts, structural information on thiohypodiphosphate hydrates are scarce. The ammonium compound (NH 4 ) 4 P 2 S 6 · 2 H 2 O, as a system with an extended hydrogen-bonding network, is presented here. Due to its good solubility the title compound might be a syn-0932-0776 / 07 / 0800-1102 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com thon for the preparation of metal thiophosphates by soft chemistry reactions in aqueous solutions.
Experimental Section

Synthesis and characterization
(NH 4 ) 4 P 2 S 6 was prepared according to Falius and Krause [3] by adding NH 4 NO 3 to an aqueous solution of Na 4 P 2 S 6 · 6 H 2 O. The white squamous (NH 4 ) 4 P 2 S 6 crystals were filtered off and washed with ethanol. Single crystals of (NH 4 ) 4 P 2 S 6 · 2 H 2 O were obtained by recrystallization from ethanol/water (1 : 3) solutions at 5 • C after a few days.
The FT-Raman spectrum was recorded with a Raman module FRA 106 (Nd:YAG laser, 1064 nm, > 200 mW) attached to a Bruker IFS 66v interferometer. The FT-IR/FIR spectra were obtained from PE pellets (ca. 80 -500 cm −1 ) and KBr pellets, respectively, with the FT-IR interferometer.
The thermogravimetric (TG) analysis of the title compound was performed in an atmosphere of flowing argon (50 mL min −1 ) at a heating rate of 5 K min −1 using a 951 thermogravimetric analyzer/TA Instruments.
X-Ray structure analysis
A suitable single crystal (colorless, crystal size: 0.25 × 0.20 × 0.20 mm 3 ) was selected under a polarization micro- scope and mounted in a glass capillary. Intensity data were collected on a Stoe IPDS II diffractometer using graphitemonochromated MoK α radiation (λ = 0.71073Å). The structure was solved by Direct Methods and refined using least-squares methods on F 2 (SHELXS/L-97 [14] ) with anisotropic displacement parameters for the non-H atoms. All H atom positions were detected in difference Fourier syntheses. Structure representations: DIAMOND [15] and POVRay [16] . Table 1 summarizes the crystal and other data pertinent to the structure determination. Selected interatomic distances and bond angles are listed in Table 2 . Hydrogen bond details are given in Table 3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-417640.
Results and Discussion
The crystal structure of (NH 4 ) 4 P 2 S 6 · 2 H 2 O is comprized of discrete [P 2 S 6 ] 4− anions, tetrahedral NH 4 + cations and water molecules involved in an extended hydrogen-bonding network. The ethane-like [P 2 S 6 ] 4− anion is in a staggered conformation and integrated via S-NH 4 + -S and S-H 2 O-S bridges into the threedimensional network.
The P-P distance amounts to 2.263Å and the P-S bond lengths range from 2.019 to 2.031Å, similar to those reported for Na 4 P 2 S 6 · 6 H 2 O [9] and Li 4 P 2 S 6 [10] . The [P 2 S 6 ] 4− units are surrounded by ten NH 4 + cations and four water molecules connected via hydrogen bonds, with N··· S distances from 3.309 to 3.680Å and O···S distances from 3.174 to 3.382Å (Fig. 1) .
The structure contains four crystallographically different NH 4 + cations (Fig. 2) . These ammonium ions exhibit slight deviations from the ideal tetrahedal sym- (Fig. 2) , with N··· S distances ranging from 3.336 to 3.680Å, and N-H···S angles from 140.2 to 173.1 • . N3 and N4 are each coordinated to two [P 2 S 6 ] 4− anions (monodentate) and to two water molecules (Fig. 2) . Therein the N··· S distances range from 3.309 to 3.516Å, the N··· O distances from 2.845 to 3.007Å, the N-H···S angles from 147.9 to 175.0 [12, 20] ). The Raman and IR/FIR spectra of the [P 2 S 6 ] 4− unit of the title compound are best interpreted and assigned with the point group D 3d . The vibrational analysis [5, 12, 20] results in
+A 1u (i. a.) + 2 A 2u (IR) + 3 E u (IR), with R = Raman, IR = infrared and i. a. = inactive. Further details are given in Table 4 .
Thermal behavior
The thermal behavior of (NH 4 ) 4 P 2 S 6 · 2 H 2 O was investigated from r. t. up to 400 In summary, the crystalline ammonium hexathiohypodiphosphate dihydrate, (NH 4 ) 4 P 2 S 6 · 2 H 2 O, exhibits remarkable similarities with the recently investigated alkali salt hydrates, in particular K 4 P 2 S 6 · 4 H 2 O and Rb 4 P 2 S 6 · 6 H 2 O [8] . The crystal structure is dominated by distinct [P 2 S 6 ] 4− and NH 4 + ions, which together with the water molecules are involved in an extended network with N-H···S, O-H···S and N-H···O hydrogen bonds. The relevant part of the vibrational spectrum is best interpreted by [P 2 S 6 ] 4− units of D 3d symmetry.
